ings suggest irreconcilable problems in the storage, activation, and assay of CK-2.
AdditIonal
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We have previously shown that the pH of a medium containing the human creatine kinase"2 (EC 2.7.3.2) isoenzymes profoundly affects both their storage stability and assay lag phases (2) . Isoenzyme stability was found to be maximal and assay lag phase minimal when the pH of the media was about 6.5. Curiously neither the stability nor the lag phase of CK-2 and CK-3 were enhanced by either chelators or thiol agents if the pH was 6.5; both these isoenzymes were stable for at least seven days at 4 #{176}C. On the other hand, for maximal storage stability and minimal assay lag phase of CK-1, monothioglycerol, but not a chelator, had to be present. Activation of the creatine kinase isoenzymes by thiol agents has been exhaustively investigated (3) (4) (5) (6) (7) (8) .
Morin (6) reasons that such activation has no effect on the irreversible thermal inactivation of the enzyme but only on the initial reversible inactivation that the entyme undergoes. Certainly, activation with a thiol appears to restore a variable amount of activity (6) (7) (8) .
Another factor that invalidates much of the earlier work on this topic is the overall effectiveness of the assay formulation itself with respect to assay pH, buffer, chelators, inhibitors, and the like. The acceptability (9) (10) (11) of the assay system recommended by Szasz et a!. (12) , containing N-acetyl-Lcysteine, 10 mmol/L, and EDTA, 2 mmol/L, (13) as optimal prompted us specifically to investigate the effect of serum pH on thiol activation in this assay. 
Activation Studies
Pooled human serum (20 mL) with a low total CK activity of 30 UIL (the upper reference limit in our laboratory is 210 U/L) was apportioned into 3-mL fractions, and the serum pH value (at 20#{176}C) was Aliquots of the pool without additives were also prepared at each pH, the required volume of additive being replaced by an equivalent volume of 50 mmolfL Tris (pH 7.0, 7,5, 8.0, or 8.5 at 20 #{176}C). The stock human CK isoenzymes, prepared as described above, were diluted with 50 mmolfL Tris . HCI (pH 7.5 at 20 #{176}C) so that addition of 5 iL to 0.5 mL of each pHadjusted serum pool resulted in the final CK activities described ( Table 1 ). The pH of the final test solutions was verified. Activities were measured, as described above, at 0, 1, 2, 3, 5, and 24 h. The samples were stored between assays at 20 #{176}C (2). Freshly prepared assay reagents were used at each time period. To see whether the activation effects are a function
with To establish the efficiency with which a particular additive activates an isoenzyme, we inter-compared various additives at Oh. Figure 1 summarizes some typical results obtained with the human CK isoenzymes.
For the sake of clarity not all the data are represented.
CK-3 reacts variably to increasing pH, depending on the additive; with monothioglycerol, activity increases with increasing pH. CK-2 shows a more marked pH trend. CK-1 tends to show optimal activity between pH 6.0 and 7.0, particularly with monothioglycerol. Our results with normal human serum containing only CK-3 were similar to those obtained with the CK-3 (Table 1 ) semi-purified from human skeletal muscle. 
CK-I
Rollo et al. (8) reported a 32% increase in enzyme activity when human serum containing predominantly CK-3 was treated with EGTA and mercaptoethanol. In their assay, glutathione was used as the activator; it is known to be a less effective activator than N-acetyl-L-cysteine (5) . Therefore, the pronounced activation reported by Rollo et a!. could to some extent be accounted for by their use of a "sub-optimal" assay.
If the assay itself could more completely activate the creatine kinase, then further activation during storage or sample pre-treatment would be minimal. This has indeed been our experience with the assay of Szasz et al. (12, 13) although the effect of serum pH, with or without additives, is clearly evi- and then again with the same stock solution kept for seven days at 4 #{176}C.
An activation study similar to the one described above was done with normal human serum. The pH of the normal serum was adjusted to 6.5, 7.5, and 8.5. Electrophoresis on agarose gel confirmed the presence of CK-3 only.
CK-1 3.9 4.2 0 -6.9
Mercapto-CK-3 9.6 9.0 1. Table 1 summarizes the changes in creatine kinase activity with time due to pH and to the presence of additives. For the sake of clarity, not all the data are presented.
Change in pH alone did not result in any significant activation, with time, of CK-2, whereas CK-3 is maximally activated at pH 6.5 and 7.0, and CK-1 at pH 7.5 and greater. At any one pH, with the possible exception of CK-3 at pH 8.5, mercaptoethanol and monothioglycerol produce a greater degree of activation than does N-acetyl-L-cysteine.
The chelators EDTA and EGTA generally produced activations comparable to those obtained with either mercaptoethanol or monothioglycerol, particularly at pH 6.5 or 7.0. Final concn of additIves, 10 mmol/L. dent. When the imprecision of the assay system itself is taken into account (3, 14) , changes of 5% or less between storage conditions are likely to be due to technical error inherent in the assay rather than to an actual activating effect. Clearly (Figure 1 ), the combination of high serum pH with monothioglycerol markedly activates CK-3 and CK-2. There is about a 15% difference between enzyme activities at pH 6.5 and 8.5 for CK-2, in the presence of monothioglycerol, at the beginning of the experiment. Table 1 shows that under these same conditions the increase in activities in 2 h is 12% at pH 6.5 and 8.3% at pH 8.5. Thus, the higher activity initially present at pH 8.5 is still evident at 2 h (about 11%). For CK-3 the initial difference, in the presence of monothioglycerol, is about 6%, and after 2 h it can be calculated from Table 1 that  the net difference between the pH values will only be 4%. For CK-1, in the presence of monothioglycerol, pH 6.5 obviously is superior to any other pH.
These fmdings elucidate problems. We previously suggested that monothioglycerol need only be added when it was suggested that CK-1 was present in the specimen. Otherwise, merely adjusting the pH of the serum supposedly was sufficient to ensure maximal stability and minimal lag phase. However, the present results suggest that monothioglycerol markedly activates CK-2 at a pH value that lengthens the assay lag phase (2) but also markedly diminishes the storage stability of the enzyme (2) . This then is the trade-off for the CK-2 assay: #{149} higher activity, but with an uncertainly prolonged assay lag phase and poorer storage stability, or #{149} slightly lower activity with consistent assay lag phases and good storage stability.
With the other CK isoenzymes the pH values giving maximal activation and optimal lag phase and storage stability are concordant, or nearly so. During our activation studies we found no further activation after 2 h. Szasz et al. (3) reported re-activation of serum CK-2 and CK-1 at 25#{176}C within 3 h. However, contrary to our findings, their results indicate that semi-purified human tissue CK-3 showed no measurable reactivation.
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